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ABSTRACT

This paper presents tables for confidence limits on the
MTBF of an exponential distribution using observations from
sequential tests of MIL-STD 78l. An example shows the use of
the tables. The theory and calculation of the tables are

explained in the Appendices.
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1. INTRODUCTION

MIL-STD 781 consists of a series of test plans for the mean
time to equipment failure assuming an exponential distribution
for the time to failure. In the (not yet approved) C-version
of MIL-STD 781 [11] sequential plans are numbered I to VIII
and the fixed-length plans are numbered IX to XVI. Plan XVII,
an all equipment production reliability acceptance test, is
not considered here. The advantages of sequential plans over
fixed-length plans are savings in test time and money at no
increase in risks.

The test plans accept with a high probability (l-a) equip-
ment with a mean time between failures MTBF = eo, the "design
MTBF," whereas they accept with a small probability B equipment

with a MTBF = © the "low-limit MTBF," where 6,<6,. Fre-

g i
quently, o is referred to as the producer's risk and B as the

consumer's risk; d = 90/6l is the design ratio. The tabulated
plans of MIL;STD 781 are for various combinations a = $ = .1,
.2, .3 and the design ratios d = 1.5, 2., 3.

The sequential test plans are based on the Sequential

Probability Ratio Test of Wald [15] and the theory of Epstein

and Sobel [7], but are truncated to avoid the (small) probability




of long test times. Exact properties are given by Epstein et al.
[6] and Aroian [1]. Previous revisions of MIL-STD 781 (A and B)
are discussed by Neathammer et al. [13]. Harter and Moore (9]
investigate the effects of failure to meet the assumption of an
exponential distribution.

Once equipment has been accepted or rejected it is often
desirable to find confidence limits on the true MTBF. Estimation
procedures for fixed-length tests are well-known and are discussed
by Epstein [5] and Mann et al. [10]). Various attempts have been
made at estimating the MTBF after a decision has been reached in
a sequential test; see, for example, Aroian [3], Aroian et al. [4],

and Sumerlin [l14]). For various reasons, these approaches are

not quite satisfactory.

In section 2 we present and explain new tables for obtaining
confidence limits on the MTBF after termination of a sequential
test using MIL-STD 781. A summary of the notation is given in
Appendix 1. The underlying theory and the methods of computation =

are given in Appendices II and III.
2. CONFIDENCE LIMITS FOR SEQUENTIAL TEST PLANS

This section briefly describes the sequential test plans of
MIL-STD 781 [l11l]. Then it presents the tables of confidence
limits on the true MTBF and shows how to use them. Acceptance

can occur only at discrete times, whereas rejection can occur
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at any time as soon as a required number of failures occur.
Confidence limits after acceptance and rejection have to be

treated separately.

2.1 Test Regions

Revision C of MIL-STD 781 [11] specifies eight sequential
test plans (I-VIII) for various combinations of designated risks
a=#8=.1, .2, .3 and design ratios d = 1.5, 2., 3. The true
risks o' and ' are slightly different from the designated ones
and are given in Table C~2 of the standard.

The accept and reject lines of the regions, as developed by
Epstein and Sobel [7], are truncated to limit the total duration
of a test. Exact properties of each region can be found by
using the direct method of Aroian (1,2].

We define tAi as the standardized acceptance time, so that
we accept equipment if not more than i failures occur in

t,..0, hours; ¢t as the standardized rejection time, so that

Al 'l

we reject equipment if at least i failures occur at or

Ri

before tRiO1 hours. Together, tAi and tpy are the standard ter-
mination times. The actual termination times are obtained by
multiplying the standard termination times by 61. (The standard

low-limit MTBF is assumed to equal 1.)

2.2 Confidence Limits at Acceptance

Table 1 presents conservative (1-y)100% standardized lower

confidence limits OY i and (1-y)100% standardized upper con-
o) £

fidence limits ﬁy‘i on the MTBF for all tests terminated by an

’




accept decision using Test Plans I-VIII for y = .5, .3, .2,
.1, .05. A conservative two-sided (1-2y)100% standardized

confidence interval is (2QY ) > . Actual limits and

) 3
1 Yo1

’

intervals are obtained by multiplying ”Y i and EY i by the
Lol I8
low limit MTBF 01. The derivation and computation of these

tables is explained in the Appendices.

Example: Atreraft Black Box Item

Neathammer et al. [13] describe a production reliability
acceptance test of a black box item for an aircraft. Using
the revised terminology and requirements of MIL-STD 781-C,

the problem can be stated as follows:

The consumer agrees to accept a monthly production lot of
40 units with probability l-a = .8, if the true MTBF 6y = 100
hours and will reject the lot with probability 1-8 = .8, if
the true MTBF 01 = 50 hours. The designated risks are thus
a =R = .2, the design ratio d = 100/50 = 2. Consequently
Test Plan IV must be used. The required minimum sample size

is 3 units.

The lot is accepted with

£, 0 failures after t 01 = 2.8 x 50 hours 140 hours,

AQ0
= 4.18 x 50 hours

5. 1 failure after t 209 hours,

a1%1

and so on, where t = 2.8, = 4.18, etc., are the stand-

A0 ta1
ardized acceptance times. Assume in an actual test, relevant

failures occurred at 50, 90, 120, 250, and 390 hours of

"




accumulated test time. The total accumulated times immediately
after 1, 2, 3, 4 and 5 failures do not lead to rejection and the
lot is accepted with 5 failures after 9.74 x 50 hours = 487 hours

total test time (t = 9.74).

AS

Suppose now an 80% lower confidence limit on the MTBF is
desired. First we find the cons¢rvative 80% standardized lower
confidence limit,g.2'5= 1.0459 from the appropriate entry for
Test Plan IV in Table I for y = .2 and 5 failures. A conserva-
tive 80% lower confidence limit on the MTBF is1.0459 x 50 = 52.3
hours.

Similarly, a conservative 80% upper confidence limit on the
MTBF is 2.5225 x50 = 126.1 hours, using ’6'.2,5 = 2.5225.

Finally, a conservative 60% confidence interval on the MTBF

is 52.3 to 126.1 hours.

2.4 Confidence Limite at Rejection

Table II presents exact (1-y)100% standardized lower con-

fidence limits GY & and (1-y)100% standardized upper confidence
X

limits FY.t on the MTBF for Test Plans I-VIII terminated by a
reject decision for selected values of the standardized time t
and y = .5, .3, .2, .1, .05. The derivation and computation
of these tables is explained in the Appendices.

A test may be terminated by a reject decision at any time t,

once a required number of failures have occurred. Thus it is

impossible to tabulate confidence limits for all possible outcomes.




We use linear interpolation for nontabulated values of t, or
in special cases use the xz-distribution for exact limits.

In particular, say rejection of equipment occurs after tel
hours of total test time. If t exceeds the smallest value in

Table 1I, the (l1~y)100% lower confidence limit can be calcu-

lated as follows:

i. From Table II we Obtain«ﬂy,[tll and 2Y,[t2]' such that
[tl] < t < [t2] and [tl] is the largest tabled time less

than t and (t2] is the smallest tabled time greater than t.

i7. Find

. & t - [t1]
A6 " & eny ¥ Qe T Ay, a1 TEETETRL (1)

ii7. The actual (l1-y)100% lower confidence limit on the MTBF

based on a rejection after t6, hours is then‘gY HE G

1 't 1

If t is smaller than the smallest value in Table II we use
the well-known relationship between the x2 and the Poisson
distributions to calculate the (1-y)100% standardized lower

confidence limit on the MTBF as follows:
8 .= 2t/x" . (2)
~y,t 1-v,21
where le-y,Zi is the (1-Y)100 percentile of the xz—distribution
with 2i degrees of freedom, and i is the number of failures
which lead to rejection at time tol. Harter (8] gives all

necessary percentile” .5 complete the calculation of confidence

limits in Table II.




Similarly we calculate a (l-y)100% upper confidence limit,

Oy,t X 01,

value in Table II.

on MTBF by interpolation if t exceeds the smallest

If t is smaller than the smallest value in Table II we use

~

2 2
Oy,t = 2t/ ye2i (3)

where X2 is the yl100-th percentile of the xz-distribution

Yeild
with 2i degrees of freedom.
A (1-2y)100% confidence interval on the MTBF for a test

i jecti is 6,0 6.8 "
terminated by rejection after t6, hours is < T Y.t:>

kxample: Aircraft Black Box Item

Suppose that in the previous example failures occurred after
50, 90, 120, and 150 hours total test time. MIL-STD 781 does
not require rejection after 1, 2, or 3 failures, nor acceptance
before 150 hours. However, rejection occurs after the fourth
failure (i.e., 150 hours) since it occurs before trg * 01 =
3.46 » 50 = 173 hours, the lot is rejected, where the value
tR4 = 3.46 is given in MIL-STD 781C.

An 80% lower confidence limit on the MTBF is calculated as
follows: First find OY.t = 9.2’3 where t = 150/6l s

2.80 WIth.g,z'z,go

with 6 , 3.46 0.6644. Using Equation 1 we calculate
~ . ’ .

Table II [tl] = 0.5646 and [t2] = 3.46

s ™ .595. An 80% lower confidence limit on the MTBF given
o ’

a rejection after 3 x 01 = 150 hours is [ 2.3~ 01 = ,595 » S0

= 29.7 hours.




Similarly, we can calculate an 80% upper confidence limit.

~

From Table 11 we obtain “.2,2.8 = 1.5517 and 0.2,3.46 = 1.7379.

giving ’32 3 =
&y

MTBF given a rejection after 150 hours is 3‘2 3 x 61 =

’

1.608. An 80% upper confidence limit on the

1.608 ~ 50 = 80.4 hours.

A 60% confidence interval on the MTBF given a rejection

after 150 hours is 29.7 to 80.4 hours.

3. CONCLUDING REMARKS

The well-known advantage of sequential life tests is
considerably shorter average termination times than fixed-length
tests at no increase in the error probabilities. This paper
presents results which so far were only available for fixed-length
tests, based on the work of Epstein [5]. They allow the cal-
culation of confidence limits aﬁter a sequential test is ter-
minated.

The methodology described in the Appendix can be applied
to a variety of tests for the MTBF assuming an exponential

distribution. It is not restricted to the tests listed in the

standard.
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APPENDIX I

NOTATION

1/0 expi-t/0} Exponential failure density for t > 0,

assumed for MIL-STD 781.

0 = Mean time between failures (MTBF).

”0 = Design MTBF, such that if % is the true
MTBF, the lot is accepted with a high

probability 1l-o.

01 = Low limit MTBF, such that if 6, is the true

R } MTBF, the test is rejected with a high

i probability 1-8. !
tAi = The standard acceptance times so that a lot é

is accepted, if not more than i failures

occur in a total test time tAiol and the

test has not been accepted or rejected before

it. Also tAO < tAl Sk T e tAk'

tRi = The standard rejection times so that a lot

is rejected, if i > r or more failures occur

on or before a total test time t ie and the

Ri'l
test has not been accepted before it. Also

t € . e X

th < Rr+l1 ~ tRr+1'




(i,t)

pl(i,t);0}

(1)

At

[}

AI-2

A point in the continuation region that
can be reached only by the occurrence of
exactly i failures in total accumulated
test time t, without previously accepting
or rejecting the test. Also, (i’tAi) is a

)

point on the acceptance boundary and (i,tRi
is a point on the rejection boundary.

The probability of i failures in total test
time t, without an accept or reject decision
before time t, based on a MTBF = 6.

Maximum number of failures allowed for
acceptance.

Minimum number of failures required for
rejection.

The i-th largest standard termination time

obtained by ordering a union of standard

acceptance and rejection times such that

Ei-1) € Bi) € Friene -
Lengths of mutually exclusive intervals
‘tz-l'tz) of time defined by

i i |

b | it | o | B ¢ TR | T T L
Atz =
at vertical truncation

L T

where t(s) is the largest standardizeﬁ termination
i t < t . Clearl AC, = £,
time such tha t(s) (%) Yzzl 2 k




APPENDIX II

CALCULATION OF ACCEPTANCE AND
CONTINUATION PROBABILITIES

In this Appendix we derive an expression for P{(i,t);6},
the probability that i failures have occurred in a total test
time t without terminating the test. In particular, we show
that

P{(i,t);8} = c(i,t) exp{—t/O}(t/O)i/i!
such that c¢(i,t) is a constant which does not depend on the
parameter 6 but only on the test plan.

We use the direct method of Aroian [1,2] and an observation
by Sumerlin [14] to calculate the constants c(i,t) which
greatly facilitate the calculation of confidence limits.

The regions of a sequential test plan for the exponential
distribution are specified in the (failure, time) plane. The
test is at a point (i,t) in the continuation region, if exactly
i failures have occurred in a total test time t and the test 2
has not been terminated prior to time t. We restrict our dis-
cussion without loss of generality to points with t(i)’ the
ordered termination times as the second coordinate.

Consider a point (i,t, .). The time interval <0,t(k)>

(k)
. can be separated in mutually exclusive subintervals <O,t(1{> P

(t(l),t(2)> o <t(k_l),t(k)>.




For a fixed MTBF = (, the probability that 69 failures

occur in one of these intervals <t(2_1), t(y) is by the

assumption of exponentiality
P{6, failures in (t(l-l)' t(2)> ; 0} =

exp {- At,/0} (at,/0) % /68,
where 61 is a nonnegative integer random variable.
By the independence of the failure times, the probability
of one possible test outcome (61,62,...,6 ) with i failures in

a total test time t is the product of the probabilities that

(k)

62 failures occur in each of the k subintervals <‘t(g 1) t(2)> 4

with the restriction that Z 6 = i and the test is not terminated
before t(k)' Formally we can write
k
P {(61, Syrene 8,03 2216 = i, no termination before t(k),e}
k 62
= ] exp {-At,/0} (at,/8) "/§,
=1
k ; 6 k 6
= Il exp{-At /6}(1/9) no(Aty) /6
=1 =1
i k 6
= exp{-t(k)/o} (L/6)" I (At ) /6 !

=1

The probability of i failures in a total test time t(k)

without termination prior to time t is




AII-3

P{(i,t = XP{(él,éz,...,dk); Xél = i, no termination
S

(k):oi

before t(k)'e}

6y
(Ati) /61!

' k
1
exp(-t . /0} (1/6) ) n

s =1

" gt ’
exp{-t(k)/O} (1/0)" c (1.t(k)) (AII-1)

where ) denotes summation over all possible outcomes (61,62,...,6k)
S

which do not result in termination of the test before t(k) and

)8, = i. Note that the coefficient c'(i,t ) does not depend

(k)
on 6.

To calculate c'(i,t(k)) by direct enumeration over all pos-
sible outcomes (61,62,...,5k) is still very cumbersome. Instead
we use the direct method of Aroian [2] to evaluate P{(i,t(k));e}

for some value of 6, say 6 = 1. Then we divide by the Poisson

probability of i failures in time t(k) given 6. This yields

. Y i i
Clist ) = ' (Lot yydexpi-t 4, /0) (1/0) )/ :

(exp{—t(k)/elt%k)(l/e)i/i!)
SRy : i .
= 0F [t g BT G0 ) (AII-2)

:For tabulation the coefficients c(i,t(k)) are preferable to
c'(i,t(k)) since they have a more convenient range for combinations
of i and tkk)’ Thus welhave shown that the probability that i
failures have occured in a total test time t(k) without pr;or
termination is

3 b I
P{(i,t(k));e} = c(i,t) exp {'t(k)/e}(t(k)/e) 711

— i



APPENDIX III

DERIVATION OF CONFIDENCE LIMITS

In this Appendix we derive separate (1-y)100% upper and
lower confidence limits on the MTBF, for sequential tests of
MIL-STD 781. Different derivations are necessary since the
time to termination by acceptance is a discrete, "Pascal-type"

random variable, whereas the time to termination by rejection

is a continuous "gamma-like" random variable. The observations
after acceptance are time-censored; after rejection they are
failure-censored.

Confidence Limits at Acceptance

In this section we derive conservative standardized

(1-y)100% lower and upper confidence limits on the MTBF for the
case that an accept decision has been reached based on i fail-
ures occurring in a total standardized test time tAi’ =Y e e pdls
Accept decisions can be made only at the discrete set of test
times {tAi; i=l,...a}. Thus the time to acceptance is a "Pascal-
type" random variable. The probability to accept with exactly
i failures is discrete.

Confidence limits are derived using the statistical method
described in Mood, Graybill and Boes [12]. For discrete dis-
tributions this method gives conservative confidence limits.

Let P {(s,tAs);e} be defined as before. Suppose the test is

accepted after tAi time units with i failures.




AIII-2

A conservative standardized (l1l-Y)100% lower confidence

limit ‘L"Y ; on the MTBF satisfies the equation
’

i

{ .0 }
Aa? {8,k 002, 4

—
]

(AIII-1)
i

sZoc(s,ths)expf e /j_{Y 1€y /‘“Y i)

Similarly, a conservative standardized (1-Y)100% upper

confidence limit ’EY . on the MTBF satisfies the equation
’

);: 3 .} + P{rejection of test;6_ .}

Yy = ZP{(st i

As

This is equivalent to writing

i-1
) P{(s,t
s=0

As) ﬂsy,i}

1=
(AIII-2)
i-1

= s__Z_oc(s,tAs)exp{-tAs/eY’i}(t /9

I

A conservative standardized (1-y)100% two-sided confidence
interval on the true MTBF is ('QY/Z i,eY/z i)'

Equations AIII-1 and AIII-2 can be solved for (-3Y . and
’

Y by the bisection method. The coefficients c(s,t) are
I

calculated as described in Appendix II.




ATIII-3

Confidence liimits at Rejection

In this section we derive exact (l1-v)100% lower and upper
confidence limits on the MTBF, for the case that a reject deci-
sion has been reached based on i failures occurring after a
i1 e tRi and r < i < a+l.
Reject decisions can be reached at any time as soon as a

total test time t, where t

certain minimum number of failures have occurred (this minimum
number depends on t). Thus the time to rejection is a con-
tinuous "gamma-like" random variable.

Confidence limits can be derived as follows: let
PRej(t;O) be the probability that a test results in a reject
decision on or before a total test time t, given that the
MTBF is 0. The test is terminated with a reject decision at

L €« €., and ¥ £ 1 & a+l.

time t with i fallyres, where tRi-1 < tpi
A standardized (1-y)100% lower confidence limit‘gY &
’
satisfies the equation
e PRej(t’Ey,t)' (AIII-3) i
A standardized (1-v)100% upper confidence limit EY &
’
satisfies the equation
1-y = pRej(t;EY’t). (AIII-4)




AIII-4

Noting that

PRej(t;O) = 1 - P(Acceptance on or before t;0)

- P(Continuation at t;0) (AIII-5)
it is possible to express PRej(t;e) in terms of the equations
(AII-1) and (AII-2) In particular, for tri-1 <t < tgi
and r < i < a+l,
n(t)
P (Acceptance on or before t;0) = ) P{(s,tAs);G} (AITII-6)
s=0
and
i-1
P(Continuation at t;0) = ) P{(s,t);:0} (AIII-7)
s=n(t)+1

where n(t) is the maximum number of failures which may occur

such that an accept decision occurs on or before a total test
time t. We combine equations (AIII-5), (AIII-6), and (AIII-7)
and substitute them into (AIII-3) and (AIII-4). These latter
equations are solved for 0

~y,t 't
by the bisection method. We tabulate confidence limits at

~/
and OY for various values of ¥y

selected values t such that the linear interpolation between

the t's is convenient.




LOMER CONFIDENCE LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY
MIL~-STD-781C TESY PLAN I D = 1.5 ALPHA = BETA = (.10
NUMBFR OF TOTAL
FAILURES TEST TIME Y=.50 Y=¢30 Y=¢20 Y=e10 Y=405
0 6. 60 9.,5218 S5.4818 4.1008 248664 2.2034
1 7.82 4.5976 3.1618 25747 1.9807 1.6230
2 9.03 3.3006 24386 2.0589 1.6531 1.3957
3 10.25 27074 20843 1.7977 1.4811 1.2737
b 11. 46 2.3664 1. 8726 1.6387 1.3743 1.1971
5 12.68 2e1462 1.7326 1.5324 13022 1.1453
6 13.91 1.9928 1.6337 1.4569 1.2508 1.1083
7 15.12 1.878%5 1.5591 1.3996 1.2117 1.0802
8 16,74 1.7908 1. €014 1.3553 1.1814 1.0585
9 17.55 1.7210 1.,4552 1.3197 1.1574 1.0412
10 18.77 1.6645 1.4177 1.2908 1.1374 1.0273
11 19,98 1.6175 1. 3864 1.2667 1.12190 1.0158
12 21.20 1.57%4 1.3602 1.2465 1.1074 1.0063
13 22,061 1.5443 1.3376 1.2292 1.0957 «9982
14 23.63 1.5153 1.3183 1.2143 1.0858 «9913
15 244 A4 1.6839 1. 3014 1.2013 1.0772 « 9854
16 26,06 1.4677 1.2866 1.1900 1.0697 «9804
17 27.29 1.4482 1.2736 1.1802 1.0632 « 9760
18 2R.50 1.4307 1.2620 1.1713 1.057¢ 9722
i9 29.72 1.6150 1.2516 1.1635 1.0523 + 9688
20 30.93 1.4009 1.2423 1.1564 1.0477 +« 9658
21 32.15 1.3831 1.23348 1.1500 1.0437 «9632
22 33.36 1.3754 1.2262 1.14462 1.06400 «9608
23 34.58 1.3658 1.2192 1.1390 1.0367 «9588
24 35.79 1.3561 1.212% 1.1342 1.0337 « 9569
25 37.01 1.3672 1.2070 1.1299 1.0310 «9552
26 38.22 1.3330 1.2016 1.1259 1.0285 «9537
27 39, 44 1.331L 4 1.1967 1.1223 1.0263 »9523
28 40,67 1.3245 1.1922 1.1190 1.0243 «95114
29 Li.88 1.3180 1.1881 1.1159 1.0224 «9500
30 63.10 1.3120 1.1842 1.1131 1.0207 « 9490
31 bb,31 1.3054 1.1806 1.1104 1.0192 e 9L 81
32 45,53 1.3012 1.1773 1.1080 1.0177 e 9472
33 46.704 1.2964 11744 1.1057 1.0164 « 9465
34 47.95 1.2918 1.1713 1.1036 1.0152 9458
35 49,17 1.2876 1.1685 1.1017 1.0141 « 9452
36 49,50 1.2797 1.1632 1.0977 1.0116 « 9437
27 49,50 1.2652 1.1533 1.0899 1.0064 «9L04
38 49,50 1.2493 1.1403 1.0791 +9987 » 9354
39 49,50 1.2308 1.1254 1.0664 « 9890 9279 p
%9 49,50 1.2120 1.1097 1.0526 « 9780 e 9194 1
Table I: (1-y)100% standardized confidence limits on MTBF

after accept decision. (LOWER - QY i)
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LOWER CONFIDENCE LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY
MIL=-STD-7"4C TEST PLAN II 0 = 1.5 ALPHA = BETA = 0.20
NUMBER OF TOTAL
F.ILUR‘FS TEST TIMF Y=,5) Y= « 30 Y= 20 Y= 10 Y= «05

1
0 .19 6.0L4LYI 3.4801 2.6034 1.8197 1.3987
1 Sel0 J.1261 2.1677 1.7475 1.3425 1.098¢4
2 6462 2.36014 1.74014 1.4669 1.1746 «9889
3 7.83 2.0077 1.5412 1.3264 1.0887 «9326 :
ly 9.05 1.8059 104246 1.2432 1.0376 «R993 |
5 10.26 1.€768 1.3478 1.1882 1.0039 «8776
6 11.49 1.5873 1.2946 1.1501 «9808 8631 §
7 12.71 1.52L8 1.2555 1.1222 ¢ 9641 « 8527
8 13.92 1.4718 1.2256 1.1009 ¢9515 « 8454
9 15.14 1.4330 1.2024 1.0844 e9419 «8394

10 16,35 1.4019 1.1839 1.0714 e 9344 8351

11 17.57 1.3759 1.1691 1.0610 » 9286 8317

12 18.78 1.3563 1.1568 1.0525 «9239 8292

13 19.99 1.3332 1.1467 1.0455 «9201 « 8271

14 21.21 1.3269 1.1384 1.0398 «9170 « 8255

15 21.90 1.3072 1.1273 1.0320 9127 8232

16 21.90 12764 1.1059 1.0155 «9023 + 8169

17 21.90 1.2620 1.0799 ¢9943 « 8874 «8068

18 21.90 1.2109 1.0546 9727 «8709 « 7946

LOWER CONFIDENCF LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY
MIL-STD-781C TEST PLAN III D = 2.0 ALPHA = BETA = 0.10

NUMBER OF TOTAL

FAILURES TEST TIME Y=,50 Y= 430 Y=,20 Y= .10 Y=,05
b |
0 Lok 643479 3. €546 2.7339 1.9109 1.4688 j
1 5479 3.3364 2, 2913 1.8638 1.4311 1.1704 t
2 Tedl 245435 1.8764 1.5790 1.2632 1.0627 t .
3 8.56 241789 1.6712 1.6372 1.1783 1.0080 s 4
4 9. 94 1.9708 1.5521 1.3532 1.1278 <9760 t
5 1130 1.8385 1.4754 1.2992 1.0956 «9559 i
. 12.72 1.7466 1. 4219 1.2614 1.0734 ¢ 9420 i
7 16410 1.6799 1.3827 1.2339 1.0775 «9329 ;
B 15.49 146300 1.3535 1.2135 1.0459 ¢ 9262 :
3 16488 1.5916 103314 1.1980 1.0372 .« 9213 ;
10 18.26 1.5613 13135 1.1858 1.0305 $9177 H
11 19.65 1.5371 1.2995 1.1763 1.025¢  ° 9150 §
12 20460  1.5112  1.2839  1.1654  1.019% 9117 §
13 20,60 1.,4664 1.2539 141418 1.0045 +9026 |
16 20460 1.0173 1.2163 1.1120 + 9835 . 8882
15 20460 1.3755 1.1825 1.0830 «9613 <8715
Table I: (cont'd) (LOWER - ,QY’i)
‘5‘5;‘4f185l1§l-ff
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LOWER CONFIDENCE LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY
MIL-STD-781C TEST PLAN IV 0 = 2.0 ALPHA = BETA = (.20

NUMRER OF TOTAL

FAILURES TEST TIME Y=.5, Y=030 Y=020 Y=e10 Y=e¢05
b S
0 2.80 4.0395 23256 1.7397 1.2160 « 9347
1 Lo18 2.3277 1.5933 1.2927 « 9880 « 8042
2 5.58 1.89)37 1. 3822 1.1581 «91841 « 7650
3 6. 96 1.6935 1.2865 1.0968 «8869 o 7485
b 8. 36 1.5977 1.2351 1.0643 «8710 e 7407
S 9. 74 1.5385 1.2054 1.0459 « 8626 «7368
6 9.74 1.486 1.1502 1.0066 «8403 e 7245
7 9,76 1.3753 1.0986 « 9662 «8133 «7069

LOWER CONFIDENCE LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY

MIL-STD-784C TEST PLAN V 0 = 3.0 ALPHA = BETA = 0.10
NUMBER OF TOTAL
FAILURES TEST TIME Y=,50 Y=.30 Y=,20 Y=,10 Y=.05
i
0 3.75 S.b101 301147 2.,3200 1.6286 1.2518
1 Se bl 3.0397 2.0831 1.6915 1.2950 1.0557
2 7T.05 2.4208 1.7755 1.4909 1.1861 + 9918
3 8.70 241462 1.6333 1.3972 1.1357 * 9633
b 10.35 1.9966 1. 5547 1.3457 1.1087 94 87
5 10.35 1.7947 1.42€6 1.2504 1.0481 «9093
6

10.35 1.6326 1. 3112 1.1575 <9811 «8600

LOWER CONFIDENCF LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY

MIL-STO-784C TEST PLAN VI 0 = 3.0 ALPHA = BETA = 0.20
NUMBER OF  TOTAL
FAILURQS TEST TIME =45) i Y=e 30 =420 =410 Y=05
1
0 2.67 3.8520 2.2477 1.6590 1.1596 <8913
1 432 2.3418 1.5980 1.2932 . 9862 «7974
2 4o50 1.,6366 1.2029 1.0142 $8111 .6818

Table I: (cont'd) (LOWER —»e_Y J..)
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LOWFR CONFTYDENCE LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY

MIL=-STD-7AR4LC TFST PLAN VII D 1.5 ALPHA = BETA = 0.30

NUMRER OF TOTAL

FAILUR&S TEST TIME Y=,50 Y=o 30 Y=e20 Y=e10 Y=05
n 315 LeSLbLS 26163 1.9572 1.3680 1.0515
1 4,7 2,485 1. 7049 13856 1.0622 « 8673
2 5.58 1.910 1.4273 1.2007 «9580 «8035
3 6.80 1.6954 1.295%9 1.1118 «9077 7733
b 6. 80 1.0214 1.1207 « 9784 8175 7092
S 6.80 1.2162 «9756 «8611 7302 6412

LOWER CANFIDENCF LIMITS FOR THEYA ON THE ACCEPTANCE ROUNDARY

MIL=STD=-781C TEST PLAN VIII 0 = 2.0 ALPHA = BFTA = (0.3)
NUMARER OF TOTAL
FAILURES TEST TIME y=,50 Y=.30 Y=.20 Y=e10 Y=415
i
0 1.72 2.4810 1.4286 1.0687 e 7470 5742
1 5.10 1.6120 1,0939 «8814 *» 6656 5352
2 k.50 1.3867 1,0011 « 8298 « 6451 5258

Table I: (cont'd) (LOWER - 8y i)
’
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1IPPER CONFIDENCE LIMITS FOR THETA ON THME ACCEPTANCE BOU*DARY

ulL=sTD=781C TEST PLAN I n=1,% ALPHA = BETA @ 0,0
NUMBER OF TOTAL

FA!LUREQ TEST TIME Yy =450 Y =030 Y =e20 y=e10 Yy =05

0 6,60 (1) (1) (1) (1) (1)
1 7.82 v.5218 1r,5063 29.5773 62,6620 128,6762
2 9.03 6,597¢ 7.03464 9,3651 14,5198 21,7317
3 10,25 3.3006 46,6155 5.,7565% R,0215 10,814)
' 11.46 2.T074 31,6017 44,3365 5,712% 7.2981
) 12.68 2.,30064 3,06A9 3.58664 46,5592 55,6329
6 13.91 2.,1462 2.,699% J.1268 3,8772 ¢,6R06
7 15.12 1.,9928 2.4623 2.8179 33,4297 46,0699
8 16.34 1.,878% 2.288¢% 25942 3.1118 3.6437
9 17.55 1.7908 ?.1547 24260 ?2.8759 3.3316
10 18.77 1.7210 2.0527 2.2941 2.6931 3,0924
11 iche 1,6045 1.9630 2.1886 ?2.5482 2.9043
12 21,20 1,617% 1.8998 2.1017 2.,4297 2,7517
13 224,61 1.9781 1.8420 2.0294 2.,3317 2.6262
16 23,63 1.5443 17927 1.9679 2.2488 2.5205
18 26 .84 1.5153 1.7506 1.9153 2.,1782 2.,4308
16 26,06 1,64899 1.713% 1.8695 2.1169 2,3%34
17 27.29 1.4677 1.6812 1.8295 2.0635 2.,2862
18 28,50 1.6682 1.6529 17964 2.0169 2.2276
19 29.72 1.,4307 1.6275 1¢7630 1.9752 2.1754
20 2093 1.4150 1.6048 1.7349 1.,938) 24,1290
2l 32.15% 1.6009 1.9843 17096 1.9046 2.08713
22 33,36 1.388) 196857 1.6868 1.8745 2,0499
23 34,98 1.3764 1.5¢R8 1.6659 1.8472 2.,0159
24 35,79 13058 193735 16470 1.8226 1,9852
25 37.01 1.356] 1.519¢ 1.6297 1.7996 1.9871
26 38,22 163672 195065 16138 1.7788 1.9318
27 39,04 1.3390 1.4948 15991 1.7597 1.9079
28 4067 1.,3314 1.4836 1.5857 117‘21 1,BR63
29 4),88 13265 1.4738 15733 1.7260 1.8666
30 43,10 1.3180 1.464] 1.5618 1.7110 1.8482
3 44,31 1.3120 1.455¢ 1.5511 1.6971 1,8312
32 45,53 130064 1.4472 15411 1.686) 1.8154
3 47,96 1.,2964 1,4325 1.5231 1,6608 1,7872
35 649,17 1.,2918 14259 1.5150 1.6503 1.,7765
36 49,50 1.2876 1.4197 1.5073 1,66408 1.,7627
37 49,50 1.2797 1.40R8 14944 1.6266 1.7442
38 49.50 1.2662 1.3913 1.47404 1.6010 17177
39 49.50 1.2493 1.3708 leaS12 1.5746 1.6889

40 49,50 1.2308 ‘.3‘“5 le4272 lo!"q 1.6606

(1) THE UPPER LIMIT ON THrTA 1S INFINTTEs WITH ZERO OBSERVED FaILURES

BEST AV AILABLE CORY
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1IPPFR CONFIDENCE LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY
MTL=STD=781C TEST PLAM T ns=1,% ALPHA = BETA = 0,20
NUMBFR OF TOTAL
FAILURES TEST TIME Y =,50 Y=,30 Y=,20 Y=,10 Y=,05
1
0 4,19 (1) (1) (1) (1) (1
1 S.00 6,06449 11,7676 18.7771 39,7682 81,6886
2 6,62 3.126) 46,7865 6.,3766 9,8867 16,8006
3 7.83 2.3601) 3,305¢ 46,1254 55,7531 7.7597
4 9,05 2,0077 2.6766 3.2260 46,2544 5,4393
s 10.26 1.8069 2.3329 2.7497 3,5009 443300
6 1149 1,6768 2.1162 2.455%3 3,0507 3.6884
7 12,71 1.5873 1.9693 2.28R5 ?2.7563 3,2780
R 13.92 1.5218 1.8630 241175 ?2.5491 2.9943
9 15.14 1.,4718 1.7827 2.0117 2.3961 2,7/81
10 16,35 1.6330 1.7207 l1.9307 2.,2801 2,6339
11 17.57 1,4019 1,6713 1.8666 2,1895 2,5150
12 18,78 1.3769 1,6317 1.8153 2.1179 2,4221
13 19.99 1,3563 1.5992 1.773% 2.0599 2,3480
16 21,21 1.,3392 1,5722 1.7389 2,0127 2,2R84
15 21,90 1,3249 1.,5498 1.7103 1,9739 2.,24013
16 21,90 1,3072 1.,5233 1.6776 1,9316 2,1901
17 21,90 1.,2764 1.6819 1.6293 1.8743 2,1273
18 21.90 1.2420 1,4391 1.,5818 1.8219 2,0766

UUPPER CONFIDENCE LIMITS FOR THETA ON THE ACCEPTANCE ROUNDARY
MIL=STD=781C TEST PLan It ns 2,0 ALPHA = BETA = 0,l0

NUMBFR OF TOTAL

FAILUR[-;S TEST TIME Y=,50 Y=,30 Y=,20 Y=,10 Y= .05

1

n 4.40 (1) (1 (1) (1) (1)
1 $.79 06,3479  12,33k2 19.7182 41,7613 85,7828
2 7.18 3,3364 8,1098 6,8060 10,5571 15,8052
3 8,56 2.,5435 3,5638 4,44R9 6,2057 8,3716
4 9,94 2.1789 2,9069 3.5047 4,623R 95,9135
5 11,34 1,9708 2,5470 3.0036 3.8270 46,7365
6 12.72 1,8385% 2.,3236 2.,6983 3.3570 64,0661
A 15,49 1,6799 2,0615 243469 2.8333 3,3390
9 16,88 1.6300 1.96802 2,2395 2.6775 3,1295
10 18,26 1.5916 1,91A]) 2,1579 2.5608 22,9752
11 19.65 1,5613 1.,8692 2,09¢1 2,6709 2,8585
12 20,60 1,5371 1,83n3 2,0438 2,6009 2.7693
13 20,60 1.5112 1.7905 19936 2.3339 2,6R71
16 20060 - 1,4066]) 1.7287 19206 2.2453 2,5880
15 20,60 1.‘173 1.6671 1.8515 2.1682 2,5n92

(ly THFE JUPPER LIMIT NN THETA *S INFINYTEe WITH ZgRp OBSERVED FAILURES

BEST_AVAILABLE CopY

Table I: (cont'd) (UPPER - 3;’1)
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UPPFR CONFILDENCE LIMITS FOR THETA ON THE ACCEPTANCE RIOUNMDARY

MIL=STD=781C TEST PLAN IV ne 2.0 ALPHA = BETA = 0,20
NUMBER OF TOTAL
FAILURES TEST TIME Y= .50 =230 Y= .20 Y=,410 Y= 405
1
0 2,80 (1) (1 (1) (1 (1)
1 4,18 4,0395 77,8503 1245480 26.5754 54,5891
2 5,58 2.32717 3,5732 4,7640 7.3975 11,0R17
3 6,96 1.,8907 2.60R] 3.3453 64,6985 6,3R3R
& 8,34 1,6995 2,2978 2.7963 3.7496 4,8R8R
S 9.74 1.5977 2.1073 2.5225% 3.3033 64,2253
6 9,74 1,5385 1,99R3 2.3693 3.0652 3,8936
7 9.74 l.4486 1.8613 201971 ?.8387 3.6262

UPPER CONFIUENCE LIMITS FOR THETA On THE ACCEPTANCE ROUNDARY

MIL=cTD=781C TEST PLAN V N = 3,0 ALPHA = BETA = 0,10
NUMBFR OF TOTAL
FAILURES TEST TIME vy=e50 y=e30 Y=¢20 y=e10 y=e05
p
n 3,75 (1) (1) (1) (1) ()
1 5S¢40 5.4101 1p.5138 16.8053 35,5920 73.1106
2 7.05 3,0397 46,6625 6,2143 9.6459 16,6469
3 8,70 2.4208 3,4052 4.2604 5.9625 8,0694
4 10.35 2.,1462 2.8849 3.4956 4,6508 6,0038
[ 10,35 1,797 2.,3001 2.7039 3,4489 4,3109

HPPER CONFIDENCE LIMITS FOR THETA ON THE ACCEPTANCE BOUNDARY

MIL=8TD=78]C TEST PLAN VI n® 3,0 ALPHA = BETA = 0,20
NUMBER OF YOTAL '
rAanngs TEST TIME =450 Y=e30 Y=¢20 Y=¢10 Y=eNS

n 267 (1) (1) (1) (1) (1)
1 6,32 3,8520 7.4858 11.965¢ 25,3415 52,0546
2 4,50 2,36418 3,6027 4,80R0 7.6730 11,2010

(ly THF UPPER LIMIT ON THFTA 1S INFINITEs WITH ZERO OBSERVED FAILURES

Table I: (cont'd) (UPPER - 6} g)
’

REST_AVAILABLE COPY




HPPER CONMFINDENCE LIMITS FOR THETA ON THE ACCEPTANCE ROUNDARY

MIL=STD=781C TEST PLAN VITY nE 1,5 ALPHA = BETA = 0,30
NUMBER OF TOTAL
FAILURES TEST TIME Y=,%0 Y =e3n Y=,20 Y=,410 Y=e05
i
0 3,15 (1) (1) (1) (1) (1)
1 6,37 4,5445 B8.83164 141165 29.8973 61,4127
2 5,58 2.48564 3,8096 5.,0760 7,876% 11,7945
3 6,80 1,9410 2.7236 3,6022 4,7691 6,4n98
'Y 5,80 1.,699) 2.2673 2.7375 3,6186 4,6135R
5 6,80 l,6214 1.8373 2.,1686 2.,7706 3.4423

UPPFR CONFIDENCE LIMITS FOR THETA OM THE ACCEPTANCE ROUNDARY

MIL=STD=781C TEST PLAN VITI n = 2.0 ALPHA = BETA = 0,39
NUMBFR OF TOTAL
FAILURES TEST TIME Y=.50 Y=e30 Y=e20 Y=e10 Y=e05
i
0 1.72 (1) (1) (1) (1) (1)
1 3.10 2.,4814 64,8223 T.7080 16,3249 33,5333
2 4,50 1.6120 2.4894 3.3277 %.1811 T.7733

(1) THF JUPPER LIMIT ON THFTA 1S INFINITEs WITH Zgon OBSERVED FAILURES

Table I: (cont'd) (UPPER - ’b’Y ;)
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LOWFR CONFIOFNCE LIMITS FOR THETA ON THE REJECTION BOUNDARY

MIL-STD-781C  TEST PLAN I 0 = 1.5  ALPHA = BETA = 0.10
NUMRER OF  TOTAL
FATILURES TEST TIME Y=.50 Y=.30 ° Y=.20 Y= .10 Y= 405 |
t |
6 Ny $1199 0971 «0860 0733 0647
7 1.89 .2835 2331 .2083 1795 159
. .11 4072 +3389 «3049 2649 2371 |
9 432 «50 31 . 4228 3824 3346 .3010 ;
10 5,54 .5815 . 4926 4476 .3939 .3559
11 6475 6454 +5505 .5021 et 4028
12 7.97 -6997 <6004 «5495 4881 « 4443
13 9.48 7453 . 6430 +5902 5264 4806
14 10. 40 .7852 6806 6265 <5606 5132
15 11.61 8194 <7134 6582 5909 5422
16 12,83 +8499 7428 6868 6184 5687
17 14.08 8773 <7695 7129 6436 .5932
18 15.27 9012 7929 7360 «6660 6150
19 16,49 9228 8143 7572 6867 6352
20 17470 9420 . 8336 7763 7055 .6537
21 18,92 9596 .8513 <7940 7230 6709
22 2n.13 9754 . 8674 -8101 7390 .6867
23 21435 9901 - 8824 «8251 <7540 . 7016
24 22456  1.0033 . 8960 .8389 7678 .7153
25 23.78  1.0157 . 9088 .8518 7808 7282
26 26.99  1.0269 +9205 .8637 7928 7402
27 26.21  1.0374 . 9315 8749 8041 7516
28 27.46  1.0473 . 9420 .8855 .8149 7628
29 28.65  1.0562 « 9515 «8952 . 8248 7723
30 29.85  1.0644 . 9602 9042 .8339 7815
31 31.08  1.0723 . 9686 .9129 +8428 «7905
32 32.30  1.0797 . 9765 9210 «8511 7988
33 33.51  1.0864 9838 . 9285 8588 «B066
34 36,73 1.0928 . 9908 9357 . 8662 . 8101
35 35096 1.0987 . 9972 . 9423 .8731 . 8210
36 37.16  1.10k4  1.0034 . 9487 «8796 .8276
37 38.37  1.1096  1.0091 9546 .8858 .8338 - |
38 39.59  1.1145  1,0145 9603 <8916 .8397 o
39 40.82  1.1193  1,0198 9658 . 8973 . 8454 :
“0 62.03 1.1236  1,0246 9708 .9025 . 8506
41 43,40 1.1269  1,0283 . 9746 9064 . 8546 ;
61 b4e31  1.1369  1.0388 .9853 «9170 . 8649
41 4676  1.1691 41,0703  1.06159 . 9457 . 8914 |
61 47.96  1.1880  1.0880  1,0325 9607 9047
41 69.17  1.2069 1,051  1.0484 9745 . 9165
1 49.50  1.2120  1.1097  1.0526 <9780 - 91 9%

Table II: (l1l-y)100% standardized confidence limits on MTBF

after reject decision (LOWER - ,QY ¢!
’
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\ LOWER CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNDARY

MIL=-STD-7841C TESY PLAN II 0 = 1.5 ALPHA = BETA = 0.20
NUMBER OF TOTAL
FAILURES TESYT TIME y=.50 Y=30 Y=e20 Y=e10 =.05
t

X o 2b «N898 « 0664 «0561 <0451 «0384
L 1.46 «3981 «3069 «2649 «2187 «1884
S 2467 5831 « 4605 4028 «3380 e 2947
6 3«90 7133 «5733 #5063 «4299 «3782
14 512 «8075 « 6577 «5851 «5015 oy
8 6e33 « 8783 «T231 6472 «5590 4983
9 7.55 09347 « 7765 «6985 «6073 «S440
10 8.76 <9794 «8198 «T4LD6 6474 5824
11 9.98 1.0165 « 8564 e 7765 «6821 6158
12 11.19 1.0468 . 8869 #8067 o711k 6442
13 12,0614 1.0725 «9131 «8328 « 7370 «6691
16 13.62 1.0938 ¢« 9352 « 8549 «7588 «6903
15 14,8 1.1122 e 9544 8743 7780 «7090
16 16,05 1.1277 «9708 «8909 7944 «7249
17 17.28 1.1613 « 98504 «9056 «8090 « 7390
i8 18.50° 1.1530 « €980 9184 «8216 7511
19 18.78 1.1536 * 9986 «9191 «8223 «7519
19 19.99 1.1675 1.0135 «9340 8368 « 7654
19 21.21 1.1937 1.0389 9582 « 8586 «78LL
19 21.90 1.2109 1.05u6 9727 «8709 7946

MIL-STD-784C TFST PLAN III D = 2.0 ALPHA = BETA = 0.10

NUMRER OF TOTAL

FAILURES TEST TIME Y=,50 Y=030 Y=.20 Y=010 Y=405
3 .;b 2618 «1936 «1636 1315 «1112
4 2.08 5724 e 4t03 « 3798 3131 +2696
5 3. 48 «7696 «6062 «5296 Ll 37 « 3865
6 Ge 0 eB8403 «6700 5894 «4983 4374
6 4,86 09027 «7232 6377 «5405 4754
7 579 «9535 «7708 «6832 «5830 «5151
T = 6e2l «9998 « 8117 e 7210 «6169 5460
8 7e18 1.,0383 * 8488 7570 «6512 «5788
L] 7.63 1.0746 «8818 «7880 6795 «6050
9 8.56 1.1037 «9107 8164 «7069 «6315
9 9.02 1.1332 *« 9382 ¢ 8425 7312 «6541

10 9. 9 1.1556 « 9610 » 8652 75304 6758
10 10.40 1.1793 « 9836 «8870 7738 « 6951
11 . 11.30 1.1980 1.0029 «9063 «7930 «7138
i1 11.79 1.2470 1.0214 e 9244 «8100 «7300
12 12.72 1.2319 1.0374 « 9402 «8258 e TLSL
12 13.18 1.2679 1.0530 « 9557 «8406 «7595
13 14.10 1.2599 1.0657 » 9687 + 8536 7722
13 14.56 1.2731 1.0790 «9818 « 8661 7841
14 15.49 1.,2834 1.0899 9929 8772 «7950
14 15.94 1.2939 1.1009 1.0038 «8877 « 8049
is 16. 88 1.3025 1.1102 1.0133 « 8973 8142
15 17.36 1.3118 1.1199 1.0229 «9064 8227
16 18.26 1.3187 1.1275 1.0307 e 9142 «8303
16 19.65 1.3434 1.1572 1.0595 «9409 8543
16 20.60 1.3755 1.1825 1.0830 «9613 «8715

: " .-i'nou:'i;: (cont'd) (LOWER - 8y ) :BESI‘_AVMLABLE-COP‘Y
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LOWER CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNDARY

MIL-STD-784C TEST PLAN IV D = 2.0 ALPHA = BETA = 0.20

NUMRER OF TOTAL

FAILURES TEST §}ME Y=4e50 Y=e30 Y=e20U Y=410 Y=405
2 e 70 k171 « 2870 2338 «1800 «14756
3 2.08 8127 e 5944 «4997 «3996 e 3367
b 2.80 «8914 o 6643 « 5646 «4578 «3898
b 346 1.0284% « 7767 6644 5428 «4bLb
5 he18 1.0734 « 8193 «7052 «5809 500k
5 L.B6 1.1634 « 8977 7768 «6438 «5567
6 558 1.1910 «9251 «8036 «6693 «5809
6 be2l 1.2678 e 9767 +8515 7128 «6192
14 6e 96 1.2654 «99438 « 8694 7291 «6353
7 7«62 1.3031 1.0301 «3026 7586 6612
8 834 1.3147 1.0423 « 9146 7700 6717
8 9.74 1.3763 1.0986 « 9662 «8133 «7069

LOWER CONFIOENCE LIMIFS FOR THETA ON THE REJECTION BOUNDARY

MIL-STD-7841C TEST PLAN V 0D = 2.0 ALPHA = BETA = 0.10

NUMBER OF TOTAL

FAILURES TEST LIHF Y=e50 Y=e30 Y=e20 Y=e¢10 Y=405
e «57 «3336 2337 «1904 «1465 «1202
3 2.22 «85104 *« 6256 «5271 4225 « 3564
L T.75 1.8933 e 8334 o7141 5845 «5008
b 3.87 1.1275 « 8559 7338 «6010 5152
5 Sell 1.2816 « 9932 «8613 «7156 « 6200
5 Se52 1.3007 1.0094 8758 7282 «6313
6 7.05 1.4030 1.1049 «9664 «8118 «7089
6 Tel? 1.4464 1,1166 «9772 «8213 7175
7 8,70 1.4866 1.1845 1.0427 « 8825 o 7T74H
14 10.35 1.6326 1,3112 1.1575 «9811 « 8600

LOWER CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNDARY

MIL-STD-781C TEST PLAN VI D = 3.0 ALPHA = BETA = 0.20

NUMBER OF TOTAL

FAILURES TEST TIME 7Y=.50 Y=,30 Y=420 Y=e10 Y=.05
t

2 « 36 2145 «1476 1202 «0926 «0759

3 2.67 1.,0053 o722 «6266 «5034 4253

3 be32 1.5801 1.164% «9819 «7862 <6618

3 4o 50 1.6344 1.2039 1.0142 «8111 «6818

. Table II: (cont'd) (LOWER - 8. ) B‘-S‘:AVA“AB\.E (.OPY




LOWER CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNDARY
MIL-STD-781C TEST PLAN VII D = 1.5 ALPHA = BETA = 0.30

NUMRER OF TOTAL

FAILURES TEST TIME Y .50 Y =« 30 Y =20 Y =e10 Y=4.05
t

3 1.22 4562 3374 «2851 2292 «1938
4 2.4 «6856 « 5245 4513 «3710 «3188
S 315 «7501 « 5824 «5052 e 4199 «3638
5 Je 65 8322 « 6511 «5671 e 4735 «4115
6 437 8743 «6908 « 6050 «5089 LYY
6 5.58 1.0323 « 8263 7283 6172 5422
6

€.80 1.2142 » 9756 «8611 «7302 <6412

LOWER CONFINENCF LIMITS FOR THFTA ON THE REJECTION ROUNDARY

MIL-STD-731C  TEST PLAN VIII D = 2.0 ALPHA = BETA = 0,39
NUM3ER OF  TOTAL
FATLURES TEST TIME Y=,50 Y=430 =20 Y=o 10 Y=.05
t
3 S8 «6432 « 4757 <4020 3232 JEPRP
3 3.10 5 2128 .8183 «6885 e 5494 4305
3 “e50 1.3867 1.0011 +B29R . 5451 52868

Table II: (cont'd) (LOWER - © )
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UPPEFR CONFIDENCE LIMITS FOR THETA ON THE REJECTTON BOUNNARY

MIL=STD=781C TEST PLAN I n = 1,5 ALPHA = BETA = 0,10
NUMBFR OF TOTAL
FAILURES TEST gIME Y= 690 Y= e 30 Y= o20 Y=4310 Y=:05%

6 «68 «1199 .1505 01742 .2157 2602

7 1.89 2835 «3496 3995 .4855 «5757

8 3.11 04072 « 49851 «5609 «6724 «7873 |
9 4.32 5031 6052 6807 .8074 09365 4
10 5,54 «5815 .6933 «7751 9116 1,0488 i
11 6.75 6654 7636 8496 «9917 1.1339

12 T7.97 «6997 .8224 9111 1.0567 1.,2015 3
13 9.18 « 7453 «8711 09616 11090 1.,2550 1
16 1040 7852 .9129 1.0062 1.152R 1.2991

18 llobl <8194 s F4RG l1.06402 1.1690 103350

16 12.83 «8499 «9796 1.0716 1.2201 143654

17 14.06 «8773 1.0073 1.0992 1.2672 1.3915

18 15.27 «9012 1,0311 l.1228 1.2700 1,6132

19 16449 «9228 1.0525 1.1438 1.2900 1.4320

20 1770 9420 1.0713 1.1621 1.3073 1,4480

21 18,92 9596 1.0886 1.1786 1,3227 1,6621
22 20,13 9754 1.1036 1.1932 1.336] 1,6742

23 21.35 «9901 1.1176 1.2065 1.3482 l.4850

26 22,56 1.0033 1.1301 l.2184 1.3589 1,49644

25 23.78 1.0157 1e1416 1.2293 1.3686 1.5029

26 24499 1.0269 1.1521 1.2391 1.3772 1.5103

27 26,21 1.0374 1.1617 1.2481 1.3851 1.5170

28 2T 64 1.0473 1.1708 1.2565 1.,3923 1.5231

29 28,65 1.,0562 1.1790 12640 1.3988 1,5285

30 29,85 1,0644 1.,1863 1.2708 1.40645 1,5332

31 31.08 1.0723 1.193¢ l1.2772 1.4099 1,5374

32 32430 1.0797 142000 1.2832 l1.4148 1.5416

33 33,51 1.0864 1.2060 1.2886 1.4193 1.,5451

34 34,73 l1.0928 1.2116 12936 1.423¢4 1.5484

35 35,94 1.0987 1.2168 1.2982 1.4271 1,5513

36 37.16 l.10644 1.2217 1.3026 1.4306 1,5540

37 38,37 1.1096 1.2262 13066 1.64338 1.,5564

38 39,59 11145 1.2305 13103 1.4367 1,5586

39 40482 1.1193 1.2345 143139 1.4395 1.5607
40 42403 l1.1236 1 2382 13172 1.,4620 1,5625%

6] 43.10 1.1269 1.2410 13195 1.64438 1.,563R

41 44,31 1.1369 1.2500 13277 10‘5.05 1,5690

4) 45,53 1.1517 12642 1e3410 1.4621 1.5786

41 46,74 1.1691 1.2816 1.3%80 1.4777 1,5022

4] 4T .96 1.1880 1.3011 1.3776 1.,4965 1,6065

41 49,17 1,2069 1.3213 1.3982 1.5170 1.6291

4] 49,50 1.2120 1.3268 1.4038 1.5228 1,6367

Table II: (cont'd) (UPPER - 6; -
’

REST AVAIABLE COPY




UPPFR CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNPARY

MIL=STDe781C TEST PLAN 11 n = 1,5 ALPHA = BETA = 0,20
NUMBER OF roTapL
FAILURES TEST TIME Y=,50 Y= 030 Y= .20 Y= ,10 Y= e05
t

3 26 «0898 e 1254 « 1563 .2l7ﬂ 02935
'y 1,646 .3981 .5291 6369 .8389 1,0720
5 2.67 «5831 « 1537 «8902 1.1394 1,685
6 3,90 «7133 «9040 1.0538 1.3224 1,6179
7 5,12 8075 1.0081 1.1638 1,64395 1,7392
8 6,33 .8783 1,0837 1.26415 1.5186 1,8173
9 T.58 «9347 1.1420 1.3000 1,5758 1,8715
10 8,76 .9796 1,1869 1.3642 1.6174 1,9093
11 9,98 1.,0165 1.,2232 1.,3792 1.6492 1,9370
12 11.19 1.0468 1.2522 1.4066 1.6732 1,9572
13 12,41 1,0725 1.2762 1.4289 1,6922 1,9726
16 13,62 1,0938 1,2958 1.4468 17070 1,9860
18 14,84 l.1122 1,3123 1.4617 1.7188 1,9929
16 16,05 1.1277 1.,3260 1.,4738 1,7282 1,999¢
17 17,28 1,1413 1.3379 1.64842 1,7360 2,0050
18 18,50 1.,1530 1.3479 1,4928 1.,7422 2,009?
19 18,78 1,1536 1,3483 1.,4932 1.7425 2,0093
19 19.99 1.1675 1,3606 1.5035 1,7499 2,0142
19 21,21 1,1937 1.3654 1.5266 1.,7686 2,0277
19 21,90 1,2108 1,4079 1.5436 1.,7833 2,039?

MIL=STD=781C TEST PLAN 117 ns 2,0 ALPHA = BETA = 0,109

NUMBER OF T0TAL

FAILURES TEST LIME Y=¢50 Y=¢30 Y=,20 =,10 =e058
3 70 «2018 « 3658 e 4560 «6352 «8561
6 ~2.08 5724 .7631 «9208 1.2184 1.5650
5 3,48 « 7696 «9986 1.1831 1.5226 1.9075
6 4,40 8403 1.0760 1.2643 146079 1,9949
6 4,86 «9027 1.149]) 103444 1.6982 2,0930

7 6,24 9998 1.2562 1.4535 1.8106 2.2052 -4

(-] Te.18 1.0383 12931 1.4918 1.8469 2.2385 2
8 7,63 1,0746 1.3322 1.532) 1.8878 2.,2783
9 8,56 1.1037 1.360n6 1.859¢ 1.,9128 2.2999
9 9,02 1.1332 1.3913 1.5902 1.9423 263275
10 9.94 1.1556 1.6125 1.6102 1.9597 2.3419
10 10640 1,1793 1.43664 1.6336 1.9816 2,3610
11034 1.,1980 1,456 1.6495 1.9946 2.,3715

e
—

11,79 1,2170  1.6726  1.6674  2,0106  2,3849

12.72 1.2319 1.,6887 16795 2.,0203 2.3923

13.18 1s2479 1.5011 16939 2.,0326 2,6021

1410 1.2599 1.9116 1.7032 2.0398 2,4073

14,56 1,2731 1.5239 1¢71646 ?2.0491 2.0164

15,49 1.,283) 1.5326 1.7221 2.0547 2.4183

15.94 1.2939 15425 1e7310 2.0617 24234

16,68 1.,3025 15697 1.7371 2.066] 2,4263

17.34 l1.,3118 1.,55R1 1e7645 2.0718 2.430? N
18.26 1.,3187 1.56138 17493 2.0751 244323 {
19,65 1.3480 1.9911 1.7739 2.0940 244453

20060  1.3755  1.6184 147999  2,1161  2.4620

L -_T-able'Ilz (cont'd) (UPPER -’é'Y't) ::BEST;AVA".ABI.E CQPY
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UPPER CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNDARY

MIL=STD=781C

NUMBER OF TOTAL

TEST PLAN IV

FAILURES TEST IIME Y=e¢950

70
2.08
2.80
3,46
.18
.86
5.58
6,24
6.96
7.62
8.34
9.74

TINNITITGOUONESSWUN

«417)

«8127

«891¢
1.,0286
1.,0734
1.163¢4
1.1910
1,2478
1.,2654
1,303]
1.3147
1,3763

thao Y=02°
«6379 «8491
1.1549 14606
1.,2418 1.5517
1.4086 1.7379
1.4541 1.7830
1.,5581 1.8891
1.95816 19139
1,6413 1.9733
1.6573 19876
) 6948 2,0232
170649 2.0318
1.,7664 2,0895

Y=e10

1.3163
2.0916
2.1863
2.4418
2.5506
2,5716
2.,6267
2.6377
?2.6677
2.6737
2,7203

ALPHA = BETA = 0,2n

=e05

1,9698
2,9133
3,007R
3.,2402
33,2774
3,3819
33,3986
3,6458
3,4533
33,4759
33,4797
3,5124

WPPER CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNNPARY

MIL=STD=781C

NUMBER OF TOTAL

TEST PLAN V

FAILURES TEST TIME y=450

t

57
2.22
3,75
3.87
5.40
5.52
T.05
7.17
8,70
10.35

~N~NIPIPRANSEWN

<3396

«8514
1.0993
1.,1275
1,2816
1,3007
1.,4030
le4164
1.4866
1.,6326

n = 3,0

Y=.3ﬂ Y:.?ﬂ

«5194 «6914
1,2013 1.51064
1.4946 1.8373
1,9322 1.8783
1.7020 2.0557
1.7245 2.0802
1.8304 2.1855
1.8645] 2.2009
1.9142 2.2666
2.0766 2.4352

=10

1,0718
2.1387
2.5110
2.5609
2.7636
2.7703
2.8695
2.8850
2.9621
3.1097

ALPHA = BETA = 0,1n

=e05

1.6060
2,96405
3.3478
3.4057
3.5848
3.6129
3.7010
3,7158%
3,7614
3,9145

UPPER CONFIDENCE LIMITS FOR THETA ON THE REJECTION BOUNNPARY

MIL=STD=781C

NUMBFR - OF  'vOTAL

TEST PLAN VI

FAILURES TEST TIME Y=,50

t
e 36
3 2,67
3 4.32
3 4,50

Table II: (cont'd) (UPPER - B

2145
1,0053
1.580]
1.6344

n = 3.0
Y=430 Y=,20
e 3R] 04367
1.,4088 l.7602
2.2143 2.7655
2.2915% 2.R625

vt

Y=.10

6769
?,6631
3.8626
31,9987

ALPHA = BETA = 0,20

Y=e05%

1.0130
3.3386

S.2207
S.,4047

BEST_AVAILABLE COPY




‘ MIL=STD=781C

NUMBER OF TOTAL
FAILURES TEST TIME
£

3 l.22
2,63
3.15
5,58
6,80

b N e 0 NV B

TEST PLAn VITY

Y=.5°

<4562
:6856
«7501
.8322
8743
1.,0323
l.2142

ns 1,5

Y=e30 Y=e20
«6375 « 7948
9211 1.1183
«9921 11927
1.0898 1.3009
11338 103648
1.3166 145430
1.5387 17939

Table II: (cont'd) (UPPER - 6; .

R L Rl

BEST_ AVAILSBLE COPY

'—".10

1.1070
1.,4961
1.5743
1.6974
1.7402
1.9578
2.2533

UPPFR CONFIUENCE LIMITS FOR THETA ON THE REJECTYON BOUNDARY

ALPHA = BRETA = 0,30

Y=e 05

1,4920
1,9450
2,0267
2.1594
2,1998
2.4286
2.7633

UPPER CONFIDENCE LIMITS FOR THETA ON THF REJECTTON BOUNNARY

MILeSTD=781C TEST PLAN VIIT N = 2,0 ALPMA = BETA = 0,30
NUMBER OF  tOTAL
FAILURES TEST TIME Y=¢50 Y=¢30 Y=420 y=e10 y=e05
-
3 1.72 6432 8987 1.1205 1.5607 2,1035
3 3.10 l.1121 15594 19473 2.7171 3,6659
3 4.50 1.,38067 1.9710 2,4763 3,4779 4.7114
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